A new type of peroxidase-like activity mesoporous Pt nanospheres (MPNs) were synthesized through a slow reduction reaction, and applied in electroaptasensor for the detection of the VEGF (Figure 1 ). MPNs with excellent peroxidase mimicking properties, large specific surface areas, good biocompatibility, electrocatalytic activity and structural thermostability. Thus, thiol-functionalized aptamer were modified on MPNs as an electrocatalytic label by the electrocatalyzed reduction of H 2 O 2 . Firstly, primary VEGF aptamers (Ap1) were immobilized on the surface of Au electrode. The target VEGF was captured by the immobilized Ap1. Then, the secondary VEGF aptamers (Ap2) were modified on MPNs that possess strong peroxidase-like activity, which acted as catalytic labels for the electrochemical detection of VEGF. The electrochemical signal was significantly increased as the strong catalytic activity of MPNs to reduce H 2 O 2 . Otherwise, the MPNs with excellent electrocatalytic activity could further enhancing sensitivity of the assay, as it increased the electron transfer at the electrode surface. This strategy provided a universal platform for sensitive and specific detection of a wide spectrum of analytes, by altering the sequence of aptamers. Moreover, the prepared aptasensor exhibited promising properties, which would become a simple and powerful tool for bioanalysis and clinic diagnostic application.
Introduction
Proangiogenic factors have attracted significant interest because angiogenesis is essential for cancer growth and metastasis. Vascular endothelial growth factor (VEGF), also known as vascular permeability factor (VPF), is a predominant regulator of both physiologic and pathologic angiogenesis [1, 2] . Overexpression of VEGF would lead to the formation of a vascular network, which could provide oxygen and nutrients for further growth and metastasis of tumor [3−6] . From this point of view, VEGF can be used as a biomarker for the sensing of angiogenic activity in cancer. Several anti-VEGF treatments have been approved by the U.S. Food and Drug Administration (FDA) for the treatment of VEGF-related diseases. However, unexpected side effects experienced during anti-VEGF treatment require management by monitoring VEGF levels in body fluids. Thus, the construction of sensitive VEGF-detection systems is important [7, 8] . In these studies, the cutoff value of VEGF detection was indicated to be in the pM order [9] .
Up to now, the coupling of specific ligands (antibody, aptamer, etc.) with DNA amplifcation-assisted strategies such as immune-PCR [10] , rolling circle amplifcation (RCA) [11, 12] , hybridization chain reaction (HCR) [13] , Isothermal Amplification Reactions [14] , and Chemiluminescence [15, 16] , surface plasmon resonance [17] , field-effect transistor [18] , and ELISA based sensors have been developed and recognized as a powerful tool to improve the sensitivity for protein detection [19] . Nevertheless, these methods still require the help of expensive reagents and instruments, complex experimental procedures, skilled labor, and many side reactions are easy to take place, which may limit their applications in resource-constrained countries. Thus it is highly desirable to develop a single platform to detect proteins, which should facilitate the development of early diagnostics and application.
Here, we report on the application of nucleic acid functionalized MPNs as catalytic labels for the amperometric detection of biomolecules [20] , and demonstrate as a proof of concept the electrical detection of VEGF. In contrast with the more common methods of using metal nanoparticles as labels for electrochemical detection described above, the MPNs with high pore volume, large surface area, high loading capacity, unique electric conductivity, easy functionalization, and superior catalytic activity, as it's mesoporous structure, the current method uses the MPNs as a catalyst analogous to the way enzymes are traditionally used as redox labels. Moreover, using metal nanoparticles to substitute of traditional enzyme might overcome some of the problems associated with the thermal and environmental instability of enzymes. 
Experimental

Reagents and Materials
All oligonucleotide sequences, VEGF protein were purchased from Sangon Biotechnology. Co., Ltd (Shanghai, China). Chloroplatinic Acid (H 2 PtCl 6 ) was obtained from Adamas (Shanghai, China). 6-Mercapto-1-hexanol (MCH) was obtained from Sigma-Aldrich (St. Louis, USA). Buffer for electrochemical impedance spectroscopy (EIS): 0.1M PBS, 5mM [Fe(CN) 6 ]3 -/4 -and 0.1M KCl (pH 7.0). Buffer for cyclic voltammetry (CV) and Square Wave Voltammetry (SWV): 20mM Tris-HCl, 140mM NaCl (pH 7.4). Ultrapure water (Milli-Q18.2MΩ, Millipore System Inc) was employed in all runs. All other chemicals were of reagent grade and used as received.
Apparatus and Instruments
All electrochemical measurements were performed on a CHI660D electrochemical workstation (CHI-660e. Shanghai, China). A conventional three component electrochemical cell was employed in all electrochemical measurements, with amodified Au electrode as the working electrode, a KCl-saturated Ag/ AgCl electrode as the reference electrode and a Pt wire as the auxiliary electrode. EIS and CV measurements were used to characterize the interface properties of the modified electrode. Transmission electron microscopy (Hitachi-7500. Japan) were employed to monitor the structures of the MPNs.
Electrode Pretreatment
The gold electrode (3mm diameter) was carefully polished to a mirror-like finish with alumina powder of 0.3 and 0.05 mm, followed by sequential sonication for 10min each in ultrapure water, ethanol, and ultrapure water. Then it was dipped in freshly prepared piranha solution (98% H 2 SO 4 : 30% H 2 O 2 , 3:1 by volume) for 10min and rinsed with ultrapure water thoroughly. The electrode was then scanned in 0.1M H 2 SO 4 between -0.2 V and 1.55V at 100mV/s until a reproducible cyclic voltammogram (CV) was obtained. Once completed, the electrode was washed with double distilled water and dried under nitrogen.
Fabrication of the Eletroaptasensor 10µL of 1µM pre-mixed of thiol-modified Ap1 was dropped on to the surface of Au electrode and incubated for 8h at RT in the dark, followed rinsed with washing buffer (20mM Tris-HCl, 0.1M NaCl) thoroughly, the electrode was then incubated with 1 mM MCH solution for 1h at 37•C to block the remaining bare area.
Electrochemical Detection
Various concentrations of targets was dropped on to the surface of as-prepared aptasensor and reacted for 1h at 37℃.The electrode was then washed three times with washing buffer. Finally, CV measurements of the resulting aptasensor were recorded with a step potential of 4mV, a frequency of 25Hz, and an amplitude of 25 mV by scanning the potential from -0.5 V to -0.1V in working buffer (20mM Tris-HCl, pH 7.4). All washing steps were performed in triplicate.
Results and Discussion
Morphological Characterization of the MPNs Transmission electron microscopy (TEM) was employed to characterize the structure of the MPNs, as shown in Figure 2 . The nanospheres are well-dispersed and highly uniform in shape and size. An average size of MPNs was around 70 nm, and noticeable distribution unequal-sized pores on the surface of MPNs.
EIS is an effective tool to monitor the step-wise modification of the gold electrode. In an impedance spectrum, the larger semicircle diameter represents larger electrode-transferresistance (Ret) of the modified electrode. All EIS tests were carried out under open circuit potential. The EIS of different surface-modified aptasensors is exhibited in Figure 3A . The bare gold electrode showed a very small semicircle domain (curve a), thereby suggesting an excellent electron transfer process at the gold electrode surface. After immobilization of Ap1, the impedance increased (curve b) because the negatively charged phosphoric acid backbones produced an electrostatic repulsion force to anionic [Fe(CN) 6 ] 3− / 4-. Subsequently, the blocking of MCH increased the diameter of the semicircle (curve c), implying that the immobilized MCH inhibited electron transport to the electrode surface with nonconductive properties. In the presence of VEGF, the value of Ret further increased (curve d) because of the accumulation of negative charges on the electrode upon the targets VEGF and Ap2-MPNs. Therefore, these observations showed the successful preparation of the sensing interface.
CV measurement was also employed to characterize the changes of interfacial properties during the aptasensor fabrication. As shown in Figure 3B . A couple of strong redox peaks were observed at −0.24 and −0.26 V in the potential window (curve a). The Ap1 were immobilized on the surface of gold electrode, the redox current decreased (curve b). Upon the addition of the MCH, the redox current further decreased (curve c). Moreover, an obvious decline in redox current was obtained (curve d) after reacted with the targets VEGF. This is due to the VEGF and Ap2-MPNs were fixed with the target. Similarly, the CV results demonstrated the success of the stepwise modification. 
Sensitivity of the Biosensor
The sensitivity of this method was evaluated by SWV measurements ( Figure 4A ). displayed the SWV curves of the sensing system upon the addition of different concentrations of target VEGF from 10pg/ml to 1000pg/ml. The peak current increased with increasing concentration of VEGF. As shown in Figure 4B , the peak current varied linearly with the the target VEGF concentration. The fitted regression equation was I=0.007 c + 1.345 (I is the peak current (µA) and c is the concentration of the target (pg/ml)) with a correlation coefficient (R2) of 0.997. The detection limit was estimated to be 5.8pg/ml. 
Conclusion
In summary, we prepared a highly efficient eletroaptasensor by employing peroxidase-like activity MPNs for VEGF detection. The higher sensitivity and wider linear range of the proposed aptasensor should be taken into account as the high electrocatalysis activity and the excellent peroxidase-like activity of MPNs. The strategy also avoided the addition of redox molecules since the MPNs itself could act as redox probe. Besides, enzyme-assisted signal amplification strategy further increased the sensitivity of the constructed electrochemical aptasensor. More importantly, the proposed study could analysis different targets by simply changing the molecular recognition elements according to its target.
